Introduction: Statins may reduce the severity of psoriasis, but the available evidence is unclear. We conducted a meta-analysis of randomized controlled studies (RCTs) that investigated the effect of statins on psoriasis severity assessed with the Psoriasis Area and Severity Index (PASI). Material and methods: Two investigators searched independently the following databases: Medline, EMBASE, Cochrane Central Register of Controlled Trials and ClinicalTrials.gov from inception to February 2019. Additionally, reference lists from all available articles were searched manually. We included only RCTs carried out among adult (≥ 16 years) patients with psoriasis who received oral statins for ≥ 8 weeks and had psoriasis severity assessed with the PASI at baseline and at the end of follow-up. We used random effects meta-analysis to calculate the mean difference (D) in PASI change between patients who received either a statin or a comparator. Results: Of 279 records identified, there were 5 eligible RCTs, with a total of 223 patients, including 128 patients who received a statin (atorvastatin or simvastatin). The improvement in psoriasis severity (PASI) was significantly greater in patients who received statins than in those who received comparators (D = 2.76, 95% CI: 0.49-5.04, p = 0.017). In subgroup analyses, the improvement in PASI values was significant for simvastatin (D = 3.70, 95% CI: 2.52-4.89, p < 0.001) but not for atorvastatin (D = 2.30, 95% CI: -1.28-5.88, p = 0.210). Conclusions: Oral statins may improve psoriasis, particularly in patients with severe disease. This observation should be verified in long-term, well-designed studies that will enable analyses adjusted for clinical variables.
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Introduction
Psoriasis is a systemic inflammatory disease that affects from 0.51% to 11.43% of the population [1] . Depending on the extent and severity of psoriasis, patients receive either topical treatment (e.g. tars, urea ointments, vitamin D, corticosteroids) or systemic therapies (phototherapy, immunosuppressants, biologicals) [2] . Psoriasis not only affects the skin and joints, but it is also a systemic disease that frequently coexists with other conditions, primarily with metabolic syndrome [1, 3] .
Statins are the mainstay of treatment for hyperlipidemia, and they work by inhibiting 3-hydroxy-3-methylglutaryl coenzyme-A reductase, a key enzyme involved in the synthesis of cholesterol [4, 5] . However, statins also have immunomodulatory effects, which could be beneficial in psoriasis. For example, statins reduce arterial wall inflammation [6] . Moreover, in the skin, statins favor Th1-mediated immune responses, inhibit the induction of MHC II, prevent cytokine release from mast cells and mast cell degranulation, and inhibit interactions between pro-inflammatory chemokines [7, 8] .
There is evidence that statins reduce the cardiovascular risk in patients with psoriasis. However, the results of studies on the effect of statins on the clinical course of psoriasis are not consistent. Although many investigators have reported that statins reduce the risk of psoriasis progression [7, [9] [10] [11] [12] [13] [14] [15] [16] , some evidence suggests that statins may worsen psoriatic skin lesions [17] [18] [19] [20] [21] [22] .
We aimed to analyze the existing evidence from well-designed studies on the effect of statins on psoriasis severity. Thus, we conducted a metaanalysis of randomized controlled trials (RCTs) that assessed the change in the Psoriasis Area and Severity Index (PASI), a measure of psoriasis severity, after treatment with either statins or comparators.
Material and methods
This meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [23] .
Search strategy
Two investigators (A.P. and D.P.) searched independently the following databases: PubMed, EMBASE, Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov. The databases were searched using a highly sensitive search strategy to identify RCTs [24] -we used the following search terms in titles and abstracts: (statin OR statins OR simvastatin OR atorvastatin OR pravastatin OR rosuvastatin OR fluvastatin OR hydroxymethylglutaryl-CoA reductase inhibitors) AND (psoriasis OR psoriatic arthritis). The search was not restricted to any particular language, and included the period from inception to February 2019. Reference lists from all available review articles and RCTs were also searched manually.
Study selection
Original studies were included in the meta-analysis if they met the following criteria: (1) being an RCT, (2) carried out among adults (≥ 16 years), (3) recruiting psoriatic patients who received oral statins for ≥ 8 weeks, and (4) psoriasis severity assessed with the PASI at baseline and at the end of follow-up. Exclusion criteria were: (1) non-clinical study, (2) carried out among patients under 16 years old, (3) not using statins, and (4) not assessing psoriasis severity by PASI. To avoid double counting of patients included in more than one article by the same authors or research groups, patient recruitment periods were evaluated. Titles and abstracts of retrieved articles were independently evaluated by two investigators (D.P. and E.G.). Full-text articles were reviewed when abstracts did not provide sufficient information about inclusion and exclusion criteria. The full text of each article was reviewed independently, and its eligibility for inclusion in the meta-analysis was evaluated. Results were compared and discrepancies resolved through discussion and, if necessary, by judgment of another investigator (D.M.). Figure 1 presents the selection of studies for the meta-analysis. 
Risk of bias assessment
The risk of bias in each eligible study was assessed independently by two investigators (M.S and J.R.) with the Cochrane Collaboration's risk of bias tool. The risk of bias was assessed separately for random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, analysis of incomplete outcome data, selective reporting, and in other areas. All these judgments were categorized as 'yes' (low risk of bias), 'unclear', or 'no' (high risk of bias) [25] .
Primary outcomes
The primary outcome of interest was a continuous variable: the mean reduction in the PASI from baseline to the end of follow-up in patients who received either statins or comparators.
Data extraction
Extracted data included information about the study design, characteristics, and number of participants, drug and dose, permitted concomitant therapies, follow-up period, change in skin disease outcomes, adverse effects, and withdrawals. The details were summarized in standard extraction sheets, independently by two investigators (A.P. and M.S.). Another investigator (P.K.) reviewed the extraction sheets. For studies that presented data on figures only, values of interest were obtained with Plot Digitizer software, Version 2.5.1 (http:// plotdigitizer.sourceforge.net/).
Statistical analysis
A random effects meta-analysis was conducted with Statistica 10 software (StatSoft, Tulsa, OK, USA). The outcomes were calculated as mean differences (D, with 95% confidence intervals (95% CIs)) between patients who received either statins or comparators. Homogeneity of the studies was verified with the T2 test by the weighted least square method. A post hoc sensitivity analysis was conducted to examine whether the overall findings were robust to any outlying studies. In the sensitivity analysis, sequential meta-analyses were repeated in which each study was excluded. Subgroup analyses were also carried out to determine the individual effects of atorvastatin and simvastatin. The results of all tests were considered significant at p < 0.05.
Results
Of 279 records initially identified, the titles and abstracts of 198 studies were assessed for eligibility after exclusion of duplicates (Figure 1) . A total of 193 records were excluded because they did not analyze statin use (n = 36), did not use PASI (n = 35), did not concern psoriasis (n = 7), or were case reports (n = 33), reviews (n = 31), not clinical trials (n = 25), conference papers (n = 7), in vitro studies (n = 5), letters (n = 4), withdrawn studies (n = 2), animal studies (n = 2), erratum (n = 1), ongoing study (n = 1), not randomized (n = 1), had too short an intervention period (n = 1), no access (n = 1), or had no data available (n = 1).
Of the five RCTs, only Faghihi et al. [14] provided detailed information about the randomization method, and none of the RCTs specified whether allocation concealment was performed. In the study conducted by Naseri et al. [11] , assessors were blinded to treatment allocation. The study conducted by Vasiuk et al. [12] was an open-label trial, and Faghihi et al. [14] did not provide information about the blinding of outcome assessment. Withdrawals were reported by Faghihi et al. [14] , and only two patients from that study (one from the statin arm and one from the placebo arm) did not complete the trial, which was unlikely to have influenced the outcomes. In contrast, 16 patients (8 patients in the statin arm) withdrew from the study by Chua et al. [26] , which could have influenced the outcome (Table I) .
Of the five RCTs, 128 patients received statins, and 75 patients received placebo or other comparators. Meta-analysis of the included studies showed that the use of statins was associated with a greater decrease in PASI values than the use of placebo or comparators (D = 3.57, 95% CI: 2.44-4.69, p < 0.001, Figure 2) . In subgroup analyses, the mean PASI reduction was significant for simvastatin (D = 3.70, 95% CI: 2.52-4.89, p < 0.001) but not for atorvastatin (D = 2.30, 95% CI: -1.28-5.88, p = 0.21; Figure 2 ).
Visual inspection of the forest plot and statistical tests demonstrated considerable heterogeneity among studies. Sensitivity analysis (each study sequentially excluded) revealed that the result of the meta-analysis was dependent on the outcomes of the studies conducted by Naseri et al.
[11], Trong et al. [27] , and Vasiuk et al. [12] . After exclusion of either study, the effect of statin therapy on PASI values was no longer significant (Table II) .
Discussion
The lipid-lowering effects of statins are well described. However, the pleiotropic effects on comorbidities are still being investigated. The results of selected meta-analyses indicate no significant effect of statin therapy on pulmonary arterial hypertension and blood pressure in normotensive and hypertensive subjects [28, 29] . However, the use of statins should be indicated in cardiovascular prevention in special groups of patients such as non-dialysis-dependent chronic kidney disease or HIV-infected patients [30, 31] . This meta-analysis showed that oral statins may decrease the severity of psoriatic lesions after just eight weeks. Both of the studies with simvastatin reported a reduction in the severity of psoriasis [11, 27] , but two studies that compared atorvastatin with placebo did not show any effect [14, 26] . In one study, the addition of atorvastatin to standard therapy improved the severity of psoriasis [12] . In subgroup analyses, a significant decrease in PASI values was observed for simvastatin only.
In our meta-analysis, head-to-head comparisons between individual studies were not feasible because of substantial differences in the methods used. Moreover, patients from different studies included in the meta-analysis had different baseline severities of psoriasis. In the study by Faghihi et al. [14] , the mean baseline PASI value was low (about 7), and thus it was difficult to observe a significant treatment effect in that study. In contrast, in the study by Vasiuk et al., baseline PASI values were much higher (about 23), which could explain the substantial effect of atorvastatin on psoriasis severity [12] . In the study by Naseri et al. [11] , patients from the statin and placebo arms differed substantially in their baseline PASI values (9.51 vs. 5.64, respectively), which may explain the greater improvement in the statin arm. Patients who received either statins or comparators had a similar psoriasis severity in the studies by Trong et al. (about 12) and Chua et al. (about 6) [26, 27] .
Concomitant therapies used during the included RCTs could have had an effect on treatment outcomes. Vasiuk et al. [12] , Chua et al. [26] , and Trong et al. [27] did not specify whether their patients received any concomitant treatments, and participants in the studies by Faghihi et al. and Naseri et al. were allowed to use topical steroids [11, 14] . Moreover, in the study by Faghihi et al. [14] , patients were allowed to use emollients, which could have had an effect on psoriasis severity. Thus, future studies should take into account the possible effects of concomitant treatments on psoriasis outcomes.
Ramessur and Gill emphasized that the effect of statins on psoriasis severity might be different in patients with different psoriasis types [2] . Importantly, the type of psoriasis was not specified in three studies included in our meta-analysis. Moreover, none of the included studies reported the duration of psoriasis or history of previous anti-psoriatic treatments. Vasiuk et al. studied men only, including patients with different components of metabolic syndrome, arterial hypertension, and hypercholesterolemia [12] . Importantly, male sex tends to be associated with greater severity of psoriasis [2] , and the effects of statins might be sex-specific [32] [33] [34] [35] [36] .
Based on our meta-analysis, we cannot conclude whether simvastatin was superior to atorvastatin in improving psoriatic lesions because of the low number of studies and different follow-up periods. Although our meta-analysis included PASI scores documented at 12 weeks, Vasiuk et al. observed a statistically significant effect of atorvastatin on psoriasis severity at 6 months [12] . The study by Faghihi et al. was shorter, and these investigators did not observe significant differences between atorvastatin and placebo [14] .
Rosuvastatin has potent lipid-lowering and anti-inflammatory effects [34, 37] . However, we did not find any RCTs that assessed the effect of rosuvastatin on psoriasis severity. In the RORA-AS study (ROsuvastatin in Rheumatoid Arthritis, Ankylosing Spondylitis and other inflammatory joint diseases), rosuvastatin was shown to improve atherosclerosis, including regression of atherosclerotic plaques, reduction of carotid wall stiffness, and improved endothelial function [35] [36] [37] . However, that study was not controlled, the patients with psoriasis were not analyzed as a separate group, and the effect on PASI was not investigated. Thus, the RORA-AS study was not included in our meta-analysis.
The findings of our meta-analysis provide evidence of beneficial effects of statin use on psoriasis patients, not only on the lipid panel, but also on psoriasis severity. Statins are a commonly prescribed drug in clinical practice and are usually well tolerated. However, adverse effects may occur, the most common being muscle syndromes, observed in 10-15% of patients [38] . Our meta-analysis has some limitations. There were only a few eligible RCTs, with relatively small numbers of patients and a high risk of bias. Only one study described the randomization process in detail. The included studies were heterogeneous, with different statin usage and different psoriasis severity at the baseline.
In conclusion, the results of this meta-analysis indicate that statins, in particular simvastatin, reduce psoriasis severity, especially in patients with severe disease. Although the results of our meta-analysis show promise in the treatment of psoriasis, they need to be verified in long-term, well-designed studies that will enable analyses adjusted for clinical variables.
